Thyroid follicular epithelial cells (E-cells) and parafollicular cells (P-cells) were isolated by a new method from rats pretreated with thyroxine. The dissociated cells were centrifuged on the discontinous gradients of dextran A composed of 8 layers from 5% to 40%. The E-cells were found microscopically to be concentrated in 15% layer, while the P-cells in 25 or 30% layer. Each pellet of two kinds of cells was almost free of contamination by other kind of cells. Only the P-cells were responsible for calcitonin production according to bioassay. Both the isolated E-and P-cells certainly differentiated to reproduce the follicles in the control media-199. The new follicle formation from the isolated E-cells was stimulated by TSH, but not by calcium and iodide. On the other hand, the new follicle formation from the isolated P-cells was also facilitated by calcium, calcium and iodide in combination, or TSH. Especially the combined treatment with calcium and iodide resulted in a remarkable hyperplasia of follicles and the typical hyperfunctional picture with an increase of calcitonin content, but with a negligible131I uptake. Calcium, calcium plus iodide and TSH commonly provided the P-cells with the deceptive appearance analogous to the stimulated E-cells. The functions of the both cells were, however, never converted reciprocally during culture under any condition.
It has been generally believed that calcitonin in mammalian thyroid glands is produced in parafollicular cells. A factor affecting the proliferation of the parafollicular cells (P-cells) in rats was thought to be related to the inhibition of TSH secretion from the anterior pituitary (Thompson et at., 1961; Sarkar and Isler, 1963) . Yoshimura et al. (1962) reported that the efficient increase in number of the P-cells in rats followed the long-term administration of thyroxine, and that the injection of TSH or antithyroidal drug made these cells disappear, although they proliferated by methylthiouracil injection in pigs (Young et al., 1968) . Their rapid loss or multiplication were assumed by Gabe (1961) , Mamina (1962) , Yoshimura et al. (1962) and Sarkar and Isler (1963) as a result of the alternative transformation of the Pcells and follicular epithelial cells (E-cells) in part. On the other hand, the population of the P-cells is greatly affected by the content of calcium in diet. Kiyama et al. (1968) , in our laboratory, pointed out that the dark type of the P-cells proliferated through their own mitosis when rats were fed a certain calcium content of diet. Kameda (1970) found an increased mitotic activity of the P-cells in dogs induced by the drinking water of high calcium content.
In this investigation, the P-and E-cells were segregated from the fresh thyroid tissues according to our new method and the pellets of both kinds of the isolated cells were cultured in the serum-free, chemically defined, medium. 
Method of culture
The culture medium 199 (Morgan et al., 1950) and of the nutricient media in five groups are shown in Table 1 , in which the content of calcium, iodide and TSH was specified. The control medium-199 always contained a small quantity of CaCl2 (0.14g/l). The pellets of P-and E-cells were cultured in the above media equally for 10 days. The media were replaced with fresh ones every three days. A mixture of 5% Co2 and 95% O2 was introduced into the test tube containing these media every day. Bioassay method of calcitonin The method of Cooper and Tasjian (1966) was applied for the present bioassay of calcitonin. Male young Wistar-Imamichi rats, 30-40 days of age, which had been fed with low-calcium diet (Kiyama et al., 1968) , were used as the bioassay rats. The pellets of P-and E-cells for the specimens were homogenized in 0.25M sucrose solution. As the compensatory response to this atrophic change, the P-cells (light cells) began to proliferate into a cluster, amoung which the colloid inclusions were intervened. The basal membrane invaded the cell mass to divide it into the small parts. The neoformation and the subsequent separation of the clusters were the drastic changes, which were followed by the frequent formation of their offsprings bearing the colloid pseudolumen or sometimes big colloid cavity (Figs. 1A and B). Thus the present observation confirmed the actual formation of typical follicles by the P-cells. The P-cells were usually polygonal in shape and rich in their cytoplasm which was either stained weakly or strongly. Their nuclei were always large and spherical in shape. Such a definite difference between the dimensions of the two cells suggests a possibility of the integral separation by centrifugation.
Morphological orientation for the integrity of isolation
Figures 2A and B showed the co-existence of the isolated P-and E-cells. In the cell suspension, i.e. a mixture of the isolated cells, none of the cells were adhesive with each other before centrifugation. In Figures Morphological differentiation of the isolated E-and P-cells in the control media The E-cells in explants kept in the control medium-199 for 10 days constituted large follicles full of the colloid cavity (Fig. 5A) . The follicular epithelium was squamous like a thin plate and their nuclei elongated transversally, suggesting the inactive function. When the pellets of the P-cells were cultured for 10 days, they made a cluster which often contained the pseudocavities. This kind of the cluster finally developed into the typical follicles with the genuine colloid cavities (Fig.  5B) . Their large nuclei which were uniformly spherical in shape were situated at the central area of the cell-body. It was noteworthy that not only E-cells but also P-cells could enough develop in vitro into the substantial follicles. As mentioned above, the large size of follicles with this squamous epithelium were always derived from the isolated E-cells. In contrast, the follicles originated in vitro from the P-cells were small in size, whose diameter corresponded to one third or one forth of the former. When the control media of 199 was used, the colloid droplets and circumference vacuoles did not appear commonly in both follicles.
Effect of calcium upon the morphological differentiation of the cultured E-and P-cells When the isolated E-cells were cultured in the media supplemented by a large amount of calcium in the form of CaCl2, the differentiation of the explants was still not facilitated (compare Fig. 5A with Fig. 6A ). However, a small group of cells like the P-cells were rarely found to intervene among the follicular walls (arrow in Fig. 6A Levi, PAS-iron hematoxylin 500. tangential section of a follicle or they were inferent in the P-cells contaminated during isolation of the E-cells. On the other hand, the P-cells had the strong ability to increase in number following the addition of a high dose of calcium. The new follicle formation was unequivocal (Fig. 6B) : The follicles tended to grow in dimension; their distributing density became higher; their epithelium was generally tall in height.
Effect of TSH upon the morphological differentiation of the cultured E-and P-cells Through the 10 day culture of the isolated E-cells in the medium supplemented by TSH, the follicles were elongated complicately; the epithelium was thickened, being anastomosing each other to form the nodules (Fig. 7A) . These irregularly shaped follicles sometimes lacked colloid cavity somewhere (Fig. 7A) . Most colloid cavities were extremely narrow and sometimes empty because of being occupied by circumference vacuoles. Colloid droplets which might be regarded as the absorbed colloid materials frequently appeared in their cytoplasm. On the other hand, the follicles made of the isolated P-cells became more densely distributed following TSH treatment than those kept in the untreated control medium (compare Fig. 5B with Fig.  7B ).This conspicuous production of follicles from the P-cells was at the same extent as that kept in the calcium added medium (Fig. 6B) . It was noteworthy that the Figure 7A illustrating the follicles derived from the E-cells resembled Figure 7B indicating those derived from the P-cells. Comparison of these two hyperplasia in Figure  7A than in 7B, and colloid cavities were larger in Figure 7B than in 7A.
Effect of calcium and iodide in combination upon the morphological differentiation of the cultured E-and P-cells The combined supplement of calcium and Table 2 . Hypocalcemic activity of the homogenates of the isolated thyroid cells Table 3 . Hypocalcemic effect and 131I uptake of the homogenized cell-pellets ticular, the hypocalcemic activity of the P-cells was remarkably reduced by the TSH treatment in Group 5.
Incorporation of 131 T by the cultured thyroid cells
Uptake of 131I is shown in Table 3 . Its value was generally high in the pellets of the E-cells, especially highest in Group 3 added by iodide, but negligible in that of the P-cells in all the groups. Uptake of 131I was also examined in detail following the temporary stimulation by TSH immediately before the harvest. As was shown in Table 3 , uptake of 131I was usually high in Groups 1, 2 and 3, but that by the Pcells was low in Groups 1, 2, 3 and 4. For this reason it is natural to consider that the P-cells are not involved in the thyroxine synthesis.
Discussion
The concept of calcitonin production by P-cells has been fostered by investigators in various fields, especially as the result of histochemical studies (Dumont, 1958; Larson et al., 1966; Pearse, 1966; Pearse and Carvalheira, 1967; Calvalheira and Pearse, 1967) , the electron microscopy of the P-cells acutely affected following the administration or perfusion of high calcium solution (Matsuzawa and Kurisumi, 1967; Care et al., 1967; Young et al., 1968) , the immunofluorescent study (Bussolati and Pearse, 1967) and the biochemical study concerning the subcellular localization of the free secretory granules liberated into the thyroid homogenate (Bauer and Teitelbaum, 1966; Cooper and Tasjian, 1966) . However, little direct evidence has been provided except by the immunofluorescent method, because the P-cells have not been purely isolated by a satisfactory procedure. In this investigation, a new method was developed to separate the E-and P-cells with less contamination so that the homogenate made of the sole P-cells was most suitable for bioassay. As the consequence, it was successfully verified that only the P-cells were associated with hypocalcemic activity.
It has been acceptable that the isolated thyroid cells differentiate to constitute a follicle, when cultured under the good conditions. Hilfer (1964) cultured the thyroid cells dissociated with trypsin and versen from the chick embryos. He successfully detected the regeneration of follicles, but did not believe its reality, because the cells represented a mere two-dimensional glandular arrangement on the monolayer. Kerkof et al.(1964) The regenerating ability of the isolated P-cells was strongest when they were cultured in media supplemented by calcium and iodide in combination. The follicles developed from the isolated P-cells in the media supplemented by calcium and iodide resembled in structure those from the E-cells kept in the TSH-media. Kaellis (1969) investigated the localization of calcium collected in the thyroids of rats fed a high calcium diet. He proved histochemically that calcium was highly concentrated in the thyroid gland cells. The finding that the ad dition of calcium and iodide in combination induced the regeneration of follicles indicative of the hyperfunctional state was noteworthy in this sense. As shown clearly in rats of Group 4 receiving calcium and iodide, calcitonin activity rose along with the proliferation of the P-cells, but the incorporation of 131-1 their explants was low , compared to the high value by the explants developed in vitro from the E-cells. The follicle formation from the isolated P-cells could also be facilitated by TSH, representing the identical hyperfunctional picture with the hyperplastic follicles developed from the E-cells by TSH. This indicated that the P-cells were given, however, the morphological characteristics analoguous to the E-cells with the remarkable reduction of calcitonin activity. The finding in vivo by Yoshimura et al.(1962) that the Pcells disappeared from the thyroids following the persistent administration of TSH was supported by this study in vitro. Since the cultured E-cells kept, however, the constant negligible hypocalcemic effect, it was concluded that the cultured P-cells differentiated into the follicles with the analoguous appearance to the follicles from the E-cells, and that the functions of both cells were not converted receiprocally during culture after their functions had been once determined genetically, even if they were provided with the coordinate morphological feature.
